Objective: Esophagectomy for esophageal cancer is associated with substantial postoperative morbidity as a result of infectious complications. In a prior phase II study, granulocyte colony-stimulating factor (G-CSF) was shown to improve leukocyte function and to reduce infection rates after esophagectomy. The aim of the current randomized, placebo-controlled, multicenter phase III trial was to investigate the clinical efficacy of perioperative G-CSF administration in reducing infection and mortality after esophagectomy for esophageal cancer. Patients and Methods: One hundred fifty five patients with resectable esophageal cancer were randomly assigned to perioperative G-CSF at standard doses (77 patients) or placebo (76 patients), administered from 2 days before until day 7 after esophagectomy. The G-CSF and placebo groups were comparable as regards age, gender, risk, cancer stage, frequency of neoadjuvant radiochemotherapy, and type of esophagectomy (transthoracic or transhiatal esophageal resection). Results: Of 155 randomized patients, 153 were eligible for the intention-to-treat analysis. The rate of infection occurring within the first 10 days after esophagectomy was 43.4% (confidence interval 32.8 -55.9%) in the placebo and 44.2% (confidence interval 32.1-55.3%) in the G-CSF group (P ϭ 0.927). 30-day mortality amounted to 5.2% in the G-CSF group versus 5.3% in the placebo group (P ϭ 0.985). Similar results were found in the per-protocol analysis. Conclusion: Perioperative administration of G-CSF failed to reduce postoperative morbidity, infection rate, or mortality in patients with esophageal cancer who underwent esophagectomy.
D espite improved surgical techniques and better perioperative management, postoperative complications remain a serious problem in patients undergoing esophagectomy for esophageal cancer. During the early postoperative course, infections occur in approximately 50% of patients, [1] [2] [3] [4] the majority of which relate to the lung. In larger series, pneumonia-associated postoperative mortality ranges between 5% and 10%. [5] [6] [7] Possible reasons are the major surgical trauma, poor nutritional status, and reduced immune response. Impaired neutrophil function in patients with esophageal cancer has been reported as an additional putative cofactor for bacterial infections. 8 Endogenous hematopoietic growth factors such as granulocyte colony-stimulating factor (G-CSF) enhance host defense against pathogens by mobilizing granulocytes and improving neutrophil function. 9 In a recently published metaanalysis, G-CSF was shown to reduce the frequency and length of neutropenia in patients undergoing chemotherapy for malignant lymphoma 10 and solid tumors. 11 Currently, G-CSF is mainly used for the prevention of chemotherapyinduced neutropenia and neutropenia-associated infections, in clinical trials aimed at dose escalation of cytostatic drugs, as well as in high-dose chemotherapy and stem-cell selection. More recently, smaller studies have investigated the use of G-CSF to prevent bacterial infections in non-neutropenic patients. [12] [13] [14] [15] [16] [17] [18] In a trial involving non-neutropenic postopera-tive/posttraumatic patients at high risk of sepsis, none of the G-CSF treated patients developed sepsis, whereas 3 patients in the control group died. 14 Another trial involving patients with acute traumatic brain injury or cerebral hemorrhage reported that G-CSF was associated with a dose-dependent reduction in the frequency of bacteremia. 15 One pilot study investigated the efficacy of G-CSF in preventing postoperative infections after radical vulvectomy. 18 Compared with historic controls, the incidence of wound infection and wound breakdown was markedly decreased. Administration of G-CSF in these trials was safe and well tolerated. In addition, there is some evidence that G-CSF activates anti-inflammatory cytokines such as IL-1ra and soluble TNF-alpha-receptor (sTNFR) and reduces the levels of proinflammatory cytokines such as tumor necrosis factor-alpha (TNF-␣), interferongamma (IFN-␥) and granulocyte-macrophage colony-stimulating factor (GM-CSF). 19 Because G-CSF might improve impaired neutrophil function in patients undergoing esophagectomy for esophageal cancer, our group performed a phase-II study using a perioperative application schedule. 20 We found a marked increase in neutrophil function despite the extensive surgical trauma as well as a low infection rate in 20 patients enrolled when compared with historic controls.
To validate these data, we initiated a prospective placebo-controlled study with perioperative administration of G-CSF to reduce infection rates in patients after esophagectomy for esophageal cancer. Here, we report the results of this multicenter trial in a total of 155 randomized patients.
METHODS

Patients
From July 1997 to August 2001, eligible patients were enrolled in this randomized, double-blind, placebo-controlled trial involving 5 centers in Germany.
Selection Criteria
Patients were eligible for the trial if they had resectable esophageal cancer (Union Internationale Contre le Cancer ͓UICC͔ stage I-III), no distant metastases, and were free of infection. General health status had to be at least Eastern Cooperative Oncology Group (ECOG) performance status grade 2. 21 Patients older than 75 or younger than 18 years of age were not eligible. Patients were also excluded if they were immunocompromised (leuopenia Ͻ2 ϫ 10 9 /L, thrombocytopenia Ͻ100 ϫ 10 9 /L, known HIV infection, current myelosuppressive therapy), were undergoing concurrent therapy with other cytokines, were breast feeding or pregnant, had a known allergy against E. coli or its products, heart failure (New York Heart Association class III-IV), concurrent second malignancies, or were participating in other clinical trials.
Patients who had undergone preceding neoadjuvant therapy for esophageal cancer were eligible. Neoadjuvant therapy consisted of 36 Gy radiotherapy and 5-flurouracil/ cis-diamminedichloroplatinum chemotherapy. Neoadjuvant therapy had to be terminated at least 2 weeks before surgery.
Treatment Assignment
Patients were randomly assigned to receive either filgrastim (rhG-CSF, Amgen Inc., Thousand Oaks, CA) or placebo (0.9% saline). Block randomization stratified according to site and preoperative risk was used. All assignments were made through a central randomization center 3 days before surgery. Filgrastim was used at a dose of 300 g in patients below 75 kg body weight and 480 g if body weight exceeded 75 kg. Analogous saline dose was given at a volume of 1 mL or 1.6 mL, respectively. Patients, physicians, and investigators were unaware of the treatment assignments.
Treatment started 2 days before esophagectomy with daily subcutaneous injections of the study drug and terminated on day 7 after surgery. If the white blood cell count (WBC) exceeded 75 ϫ 10 9 /L, study drug administration was discontinued until a WBC count of 37 ϫ 10 9 /L was reached. Administration of the study drug was also stopped upon diagnosis of infection requiring antibiotic treatment or occurrence of other serious adverse events. The safety profile, including physical examination, hematological and biochemical assessments, was evaluated daily during the first 30 postoperative days.
Definition of Infections
The diagnosis of pneumonia was based on clinical signs (ie, productive cough, dyspnoe, rales, and pleuritic chest pain, tachycardia, fever Ͼ39°C) and at least 1 of the following: presence of infiltrates on chest radiograph, positive culture of bronchoalveolar lavage, or blood. Mediastinitis was diagnosed if confirmed by rethoracotomy. Sepsis was defined according to Elebute and Stoner 22 as tachycardia, hypotension, peripheral hypothermia, lactic acidosis, and hypoxemia. Urinary tract infection was assumed if the pathogen could be identified and if the patient showed clinical signs of urinary tract infection. Infections were categorized as early (Յ day 10 after surgery) or late events (Ͼ day 10 after surgery) until discharge or death.
Preoperative Risk Score
Patients were stratified according to a modified preoperative risk profile (23) . Function of vital organs (eg, lung, heart, liver, and kidney), medical history, and performance status were included in this score. This risk score allowed stratification of patients into low-(score Յ 16), medium- (17) (18) (19) (20) (21) (22) , and high-risk (score Ն 23). approach (squamous cell or adenocarcinoma), transhiatal resection via an abdomino-left-cervical approach (distal adenocarcinoma), or cervical esophagectomy from a left cervical approach with upper sternotomy (cervical carcinoma) as described elsewhere. 23 Reconstruction included gastric tube interposition with high intrathoracic or cervical esophagogastrostomy or colon interposition with cervical anastomosis. After cervical esophageal resection, reconstruction was performed by free jejunal interposition with microvascular arterial and venous anastomoses to vessels in the neck. Some patients with high risk-score profile had only transthoracic esophagectomy with closure of the cardia and cervical esophageal stoma placement without immediate reconstruction. Reconstruction was then performed in a second step 3-4 weeks later. Analysis of these patients only comprised the first step of esophagectomy and not the reconstruction procedure. Surgical procedures were standardized between the participating centers. Surgeons were permitted to switch to total gastrectomy with distal esophageal resection and esophagojejunal anastomosis if necessary. The patients in question were excluded from the per-protocol analysis. Antibiotic prophylaxis with cefazolin (2 ϫ 2 g) and metronidazole (2 ϫ 0.5 g) was given at the start of surgery and 8 hours later.
Ethics
The institutional ethic committees approved the protocol and written consent was obtained from all participants. The study was conducted according to the principals as stipulated in the Helsinki Declaration of 1964, as revised in 1996.
Statistics
The primary efficacy end point was infection occurring within 10 days after surgery. Patients were analyzed both on an intention-to-treat as well as on a per-protocol basis. To be included in the per-protocol analysis, patients had to undergo esophagectomy for esophageal cancer, had to receive at least 4 applications of study drug, no additional antibiotic treatment without signs of infection, and a complete follow-up.
The trial was initially designed to enroll a total of 116 patients, allowing the detection of a 20% difference in infection rates between the G-CSF group and the placebo group with a power of 80% (␣ ϭ 5% one-sided). The biometric assumptions were based on the results of a previous phase-II study. 20 The trial was planned according to the 2-stage Bauer and Köhne adaptive method, 24, 25 which combines the 2 P values of the separate stages with Fisher's combination test. The first interim analysis was conducted after 58 patients had been treated per protocol. The sample size was recalculated on the basis of the interim result. Furthermore, the recursive testing principle 26 was introduced, allowing an additional interim analysis. The second interim analysis was planned after a total of 130 patients had been treated.
Data were analyzed according to a prospectively defined plan. The primary analysis was based on a Cochran-Mantel-Haenszel test, in which the groups were stratified on the basis of 2 covariates: study center and preoperative risk. Two-sided P values for the primary end point were calculated using the logit-adjusted method. Unadjusted rates are provided together with their exact 95% confidence intervals. G-CSF and white blood cell count are given as average and 95% confidence intervals, and corresponding t-tests were calculated.
RESULTS
At the time of the second interim analysis, data from 155 randomized patients were available. Enrollment was suspended because the P value for the difference in infections rates after 10 days (main end point) exceeded the a priori threshold for stopping the trial for futility.
Baseline Characteristics of the Patients
Of 155 initially randomized patients, 153 were eligible for the intention-to-treat analysis. Exclusions from this analysis were based on retracted informed consent (n ϭ 1) and patient files missing (n ϭ 1). A total of 26 patients were additionally excluded from the per-protocol analysis (16 in the G-CSF arm and 10 in placebo arm). Fourteen of these patients did not undergo esophagectomy for various reasons (Table 1 and Fig. 1 ).
The patient characteristics were very similar in the placebo group and the G-CSF group, both in the intentionto-treat and the per-protocol population ( Table 2 ). Median age of the 153 patients was 59.6 years (range 29 -76 years), 82.4% of the patients were male. Squamous cell carcinoma and adenocarcinoma were the most common histology (60.8% and 36.6% respectively). Four patients (3%) had undifferentiated carcinomas. Most of the patients were suffering from advanced cancer (UICC stage II-IV) and only 15.7% had UICC stage I. Twelve percent had distant metastases, including celiac trunk lymph nodes not detected during the preoperative staging procedure. Neoadjuvant therapy had been performed in more than one-third of the patients clinically staged T3NϩM0. This procedure resulted in complete pathologic regression (stage Py0) in 2 patients. Preoperative risk assessment showed high risk in 24.2% of the patients, medium risk in 58.8% and low risk in 17%. In 81% of the patients, transthoracic esophagectomy was performed. Transhiatal or cervical resection was less common (8% and 3% respectively). In 8 patients, the surgeon decided not to perform a resection (5%) or to remove the tumor by total gastrectomy with distal esophageal resection (4%). For reconstruction, stomach was used whenever applicable (81%). In 8 patients (5%), reconstruction after esophagectomy was delayed (n ϭ 7) or was not performed (n ϭ 1).
Laboratory Parameters
Although G-CSF serum concentrations were significantly elevated in the placebo group from day 1 to day 6 compared with day 2, G-CSF levels in the G-CSF group exceeded these levels by far. However, after day 6, G-CSF levels markedly decreased in the G-CSF group. Differences between the means in the G-CSF and the placebo groups were significant from day 0 through day 6 (Fig. 2) . The maximum G-CSF level was 241 ng/mL in the G-CSF compared with 31.5 ng/mL in the placebo group.
Similarly, mean WBC increased in the G-CSF group until day 6, with a peak of 41 ϫ 10 9 /L. In the placebo group, maximum mean WBC was 17 ϫ 10 9 /L on day 10. Compared with day 2, mean WBC was significantly increased on day 1 through day 20 in the G-CSF and day 1 through day 13 in the placebo group. Differences in mean WBC between both groups were significant on day 1 through day 8 (Fig. 3 ).
Safety
A total of 26 serious adverse events occurred (12 in the G-CSF group, 14 in the placebo group). Death due to infection was the most common serious adverse event in both groups (8 patients in the G-CSF, 6 in the placebo group). Pulmonary embolism, myocardial ischemia, cardiac arrest, necrosis of the interposed colon and deep venous thrombosis were equally distributed (4 in G-CSF, 3 in placebo group).
Efficacy of Anti-infective Prophylaxis
The major end point of this study was infection rate within 10 days after attempted esophagectomy. In the 153 patients evaluable, a total of 67 (43.8%) contracted infections during the first 10 days and 81 (52.9%) overall. As shown in Table 3 , there were no significant differences in the 10-day infection rate or the overall infection rate between the G-CSF and placebo groups. These findings were observed in both the intention-to-treat and the per-protocol analysis.
Subgroup analysis was performed according to a preoperative risk score. Infectious complications were significantly more frequent in patients with high preoperative risk (63.9%) as compared with patients having low (38.5%) or medium risk (52.8%; P for trend ϭ 0.049). In high-risk patients, the overall infection rate was 60.0% in the G-CSF and 68.8% in the placebo group (P ϭ 0.601). However, as shown in Table 4 , the per-protocol population with high risk showed a significant difference in infections within 10 days after surgery between the G-CSF group (7/17, 41.2%) and the placebo group (10/12, 83.3%, P ϭ 0.023).
There were no major differences in the type of first diagnosed infection between the 2 groups (Table 5 ). Pneumonia was the major infectious complication diagnosed (34.6%). Serious wound infections occurred in 8.5% of the patients. Infectious complications in patients with cervical anastomosis (21/77 in the verum group, 20/76 in the placebo group) was slightly more frequent than in other patients: 51.2% (21/41) in patients Thirty-day and hospital mortality were not significantly different between the G-CSF and placebo groups, neither in the intention-to-treat nor in the per-protocol analysis (Table 6). Of the fatal outcomes, 88.2% occurred in patients who contracted infections within the first 10 days following surgery.
Because 8 patients of the ITT population did not receive simultaneous reconstructive surgery (3 in the G-CSF, 5 in the placebo group) we analyzed whether this affects infection rate. Within the first 10 days 2 out of 8 (25.0%) patients without, but 63 out of 131 (48.1%) patients with, simultaneous reconstructive surgery developed infections (P ϭ 0.283). 
DISCUSSION
This is the first placebo-controlled, randomized study to evaluate the impact of G-CSF-stimulated neutrophil function in non-neutropenic patients undergoing major surgery. Esophagectomy in patients with esophageal cancer was chosen due to the substantial inherent postoperative mortality. The aim of this study was to reduce the infection rate after esophagectomy by means of a perioperative administration schedule in which G-CSF was given from 2 days before and up to 7 days after surgery.
The findings to emerge from this study are: (1) G-CSF is safe in patients with esophageal cancer undergoing esophagectomy. ( 2) The number of leukocytes and G-CSF peak levels were significantly higher in the G-CSF-treated patients (Figs. 2 and 3 ). (3) There was no significant difference in the postoperative infection rate within 10 days after surgery FIGURE 3. WBC count in ITT population. WBC counts increased significantly in both groups within the first few postoperative days. However, maximum leukocyte counts in the G-CSF group (n ϭ 27-71) exceeded by far the maximum level in the placebo group (n ϭ 16 -69; 41.5*10 9 /L versus 17*10 9 /L). Values are given as means with their corresponding 0.95 confidence intervals. s, G-CSF; F, placebo, *P Յ 0.05 for difference between both groups, #P Յ 0.05 for difference within the G-CSF group compared with day-2, ϩP Յ 0.05 for difference within the placebo group compared with day-2. Similar results were found for the per-protocol analysis (47.5% versus 47.1%, P ϭ 0.851). (4) There were also no significant differences in other clinical parameters such as the type of infection or overall hospital mortality. There were several lines of evidence warranting a randomized study in which G-CSF was evaluated for its potential to prevent infection in patients with esophageal cancer undergoing esophagectomy. These comprise the substantial risk of postoperative infection, [1] [2] [3] [4] the reported defect in neutrophil response in these patients 8 and earlier data from a nonrandomized study suggesting that perioperative treatment with G-CSF in this setting might indeed be effective. 20 To this end, we were able to show that treatment with G-CSF starting 2 days prior to the planned esophagectomy significantly increases the number of neutrophils. However, other parameters, including the phagocytic activity and oxidative burst of granulocytes, and a variety of cytokines such as ICAM-1, IL-1ra, TNF-alpha, sTNFRp55, sTNFRp75 and IL-6, did not differ significantly between both groups (data not shown).
This multicenter trial was conducted in large cancer centers and general hospitals with substantial experience in the surgery of esophageal cancer. Thus the 30-day mortality rate of 5.2% represents the actual quality of surgery for esophageal cancer and is in accordance with published mortality rates. 7 The reasons for the development of infectious complications after esophagectomy are varied. Pulmonary complications are mainly related to the surgical trauma, which mostly combines a thoracotomy and laparotomy in patients with pre-existing pulmonary disease. 5 Surgical complications such as anastomotic leakage occur in 10% to 30% of patients and are followed by severe systemic infections, eg, sepsis or mediastinitis. 27 In the present study, 77.6% of infections occurred within the first 5 days after surgery. During this period, leukocytes were sufficiently stimulated both in number and function in the G-CSF-treated group. Since the peak leukocyte count (41.5ϫ10 9 /L) was reached at day 5 postoperatively, it cannot be excluded that earlier commencement of preoperative G-CSF administration might have resulted in even greater stimulation of granulopoiesis, thus possibly leading to more effective neutrophil stimulation. In the highrisk group, we found a therapeutic benefit for the G-CSFtreated patients with respect to the primary study end point. However, trend analysis could not identify a significant association between preoperative risk and infection rate with G-CSF application. In a previous phase-II study with a high-risk population (septic patients, APACHE II score Ͼ 25), G-CSF treatment was demonstrated to be efficacious. Filgrastim-treated patients had lower mortality rates and early reversal of shock. 14 Only 2 randomized controlled studies demonstrated a significantly improved outcome for foot infections in diabetic patients treated with G-CSF. 28, 29 Foot amputation rates and administration of antibiotics were reduced. Both studies suffer from small patient numbers (40 patients) and are monocenter trials. A randomized study in 61 patients with acute traumatic brain injury and cerebral hemorrhage showed a significant decrease in bacteremia in those prophylactically treated with G-CSF. 15 However, there was no obvious clinical effect on the frequency of nosocomial pneumonia or urogenital infection rates. In another study, G-CSF was used as an additive to antibiotics in 756 hospitalized patients with community-acquired pneumonia. G-CSF in combination with antibiotics had no influence on the length of recovery from pneumonia or the mortality rate compared with standard antibiotics. However, the incidence of systemic and local complications of sepsis such as organ dysfunction (acute respiratory distress syndrome, acute renal failure, shock and disseminated intravascular coagulation) was significantly reduced. 12 To verify this observation, the same authors conducted a large randomized study, which included 480 patients with multilobar pneumonia. 13 There was no difference in any of the primary efficacy endpoints (adult respiratory distress syndrome, acute renal failure, disseminated intravascular coagulation, shock, empyema or death from any cause) or secondary endpoints including 28-day mortality, number of days in the intensive care unit or time to resolution of infiltrates during treatment with G-CSF or placebo in combination with standard antibiotic therapy. A recent comprehensive meta-analysis in patients with malignant lymphoma receiving chemotherapy at standard doses indicated that the number of infection-related mortalities is not significantly influenced by the application of G-CSF in this setting. 10 Thus G-CSF may be limited to the prevention of minor infections such as neutropenic fever.
In summary, this study shows that the prophylactic administration of G-CSF in surgical patients at high risk of developing infectious complications does not reduce infection rates.
